Abstract-Early detection of faults in electrical machinesare imperative because of their diversity of use in different fields.A suitable fault monitoring scheme helps to stop propagation of the failure or limit its escalation to severe degrees and thus prevents unscheduled downtimes that causeloss of production and financial income. In this study, asurvey of methods based on the Park transform and Hilbert transform for broken rotor bar fault monitoring in Squirrel cage electrical machine is presented.
INTRODUCTION
Three-phase squirrel-cage electrical machines are utilized in the most industrial applications for conversion of electrical power to mechanical power. These machines are usually rugged and reliable those requirelow maintenance. However, similar to otherdevices, they finally decline and be stopped. In industry, health monitoring of an electrical device and detecting its malfunction before it becomes catastrophic is vital to prevent severe damage of the device. In this regards, the need of cost-effective preventive maintenance procedures is raised. These procedures are generally based on condition monitoring of the device that includes sensing and analysing the real-time signals obtained from it. Squirrel-cage electrical machines are susceptible to different types of failure. Among these failures, broken rotor bar fault has been considered as the most important one [1] and detectionof this fault has been widely regarded among researchers since 1970 [2] . In this respect, a wide range of monitoring techniques has been proposed and developed for efficient and reliable detection of broken rotor bar in electrical machines [1] . Among all condition monitoring techniques, motor current signature analysis (MCSA) is the most widely used method for broken rotor bar detection, because it is noninvasive and easy to use. The MCSA methods utilized inliteratures for broken rotor bar detection can becategorized in two types based on measurement of stator current, which are stator current during steady-state operation and stator current during the start-up transient. Both of these methods have their own benefits and limitations [1] .
The limitations of stator current during steadystateoperation is frequencies similar to frequency that caused by broken rotor bar fault, such as low-frequency torsional oscillations in drive trains with gearboxes, voltage fluctuations, or bearing faults that cause an incorrect detection [3] . Another drawback for this method is the effect of side band leakage from fundamental frequency to fault frequency. The frequency feature of fault " " during transient period or motor start-up varies between zero and fundamental frequency and therefore a fault detection algorithm cannot be misinterpreted [3] . To overcome these problems, some researcher proposed to use demodulation methods to extract the fault related feature in low frequency from raw signal. This paper presents a survey of broken rotor bar detection using low harmonic stator current signal in Squirrel cage electrical machine.
II. LOW FREQUENCY FAULT FEATURE

A. Theoretical background
New frequency components are added to the electromagnetic field profile with presence of broken rotor bar failure in squirrel cage electrical machine [4] . Bellini et al., based on the backward filed theory, explained the flux density in electrical machines in two states of motor, it is faulty or fault-free [5] . Theoretically, when broken rotor bar causes rotor asymmetry, the stator current can be written as [6, 7] 
The equation (2) can be rewritten as follows:
From (5), the current envelope and its phase shift depend on broken rotor bar fault can be extracted [5] . The broken rotor bar faults in squirrel cage electrical machine induced the stator current amplitude at frequency components of , as shown in equation and . The amplitude of these frequency components can be used as indication of fault related feature [8, 9] . In [10] , it was shown the amplitude increases upon when the number of broken bars increases and on the other hand, the term rises due to increase of the slip [11] .The modulation index for this fault frequency, and estimated fault frequency amplitude can be thus referred as [10, 12, 13] : (8) Where is the number of rotor bars and is the number of consecutive broken rotor bars.
III. LOW FREQUENCY SIGNAL EXTRACTING METHOD
This section presents the methods that are used for broken rotor bars fault diagnosis in squirrel cage electrical machine based on the Park Transform and Hilbert transform. This two methods used as extraction of low frequency fault related feature as mentioned in previous section.
A. Park transform
Park Transform (PT) is an approach relied on identifying a specific pattern of the current, which istaken from transformation of three-phase stator currents to an equivalent two-phase system. When there is no failure in a squirrel-cage electrical machine, the sum of stator current in three phases is equal to zero. In this condition, Park's vector transform of the stator currents is a circular pattern centered at the origin of coordinates. If any failure presents in the motor, Park's vector pattern of the stator currents becomes elliptic. The pattern ellipticity can be proportional to the fault severity, and orientation of its major axis depends on the faulty phase [14] .
The space-vector components of currentis given by and . These components can be computed as a function of the three-phase stator currents:
The signal magnitude " " and phase " " of positive-sequence component returned by Park transform are calculated as:
In 1995, Cruz et al. [15] introduced a new approach for broken rotor bar detection in three-phase squirrel cage electrical machine using Park's Vector of motor currentin stationary regime. They proved when any bar is broken, the spectrum for the space vector modulus in the stationary reference frame indicates a dc level, which is generated by the fundamental component of the supply current, plus two additional components at frequencies ( ). They mentioned that the later components ( ) in the spectrum that is obtained through extended Park's vector approach can be easily separated from the fundamental component. The reason is they are far apart from fundamental component and also the amplitude of fundamental component is automatically reduced by Park's transformation. Later on the absolute valuemagnitude of positive-sequence component was used to detect the fault [8, 16] . Noted that Jaksch mentioned if the Park transform is used for demodulation, all amplitudes of the modulating signals are magnified by 1.5, therefore to find out the real amplitudes of modulating signal they need to be multiplied by 2/3, or be subtracted approximately 3.5 dB in the case of dB scale [16] . Kia et al. used park transform to compute squared space vector magnitude as an input for calculation of energy feature in DiscreteWavelet analysis of the signal [6] .The advantage of their research is the energy feature is used to detect the rotor fault as well as to evaluate its severity without using any slip estimation.
However, Park's Vector pattern has some vague issues that limit its application for fault diagnosis. These issues include: first, it is not clear whether patterns for different faults are distinctive or not. Since similar deviation in the current Park's vector can be generated from different faults, it would not be practical to isolate different faults. Second, if noise or any practical problems are considered how it will affect the pattern [17] . Third, for a specific fault, the information inside onephase current and space vector current are equal. Forth, Park's Vector approach ignores the non-idealities in the squirrel-cage electrical machine and inherent unbalance of the supply voltages. Moreover, Zhang et al. [18] stated that when the load is light or nonexistent, extended Park's vector approach fails to detect the characteristic fault components. Since, more computational effort is required to acquire the space vectors spectrum; this procedure may be adopted as supplementary method in diagnostic systems [5] .
B. Hilbert transform
Hilbert transform (HT), which is used to extract the instantaneous magnitude (envelope) of current signal, is an ideal phase shifting tool in signal processing techniques. The important advantage of Hilbert transform is it increases resolution, both in amplitude and frequency regions [8] . The complete explanation on application of Hilbert transform for current analysis of electrical machines, both in faultyand faultfree conditions, is discussed in [11] . Hilbert transform is usually a preprocessing step when using other methods of signal analysis, like Fast Fourier Transform, Wavelet Transform (WT), Empirical Mode Decomposition (EMD) and etc., to extract the fault-related features.
The first step of this approach is to extract the analytic signal from one phase current signal by applying the Hilbert transformto the current signal. The Hilbert transform of a signal is a convolution between the original signal and the function ⁄ . Considering a real time current signal , Hilbert transform for this signal, , is expressed as [19] :
The Fourier Transform of the function ( ) is defined as:
Equation 14 relies on the fact that positive frequencies of the spectrum are shifted by degree of -90
• , while the negative frequencies are shifted by 90
• .Then, theHilbert transform of a signal can be viewed as a filter of amplitude unity and phase ±90
• depends on the sign of the frequency in the spectrum of the input signal.
A new complex signal, called analytic signal, is created by adding a real signal and its Hilbert transform defined as (15) (15) The signal filters all the negative frequencies of .
The analytic signal also can be defined as (16) Where and are the instantaneous amplitude and the phase of , respectively. These parameters can be computed as follows.
When the analytic signal is obtained using (15) or (16), the envelope of this complex, defined as the absolute value of the signal, is comprised using (19) :
Different types of Hilbert transform approach may be used for detection of bar breakage. Liu et al.described a new method, based on the spectral analysis of the current Hilbert Modulus (absolute value), to detect faults in rotor cage of three-phase squirrel cage electrical machine [20] . The Hilbert Modulus was defined as the square of a signal and its conjugation. (20) In [11, 21, 22] the following equation was used to calculate the alternating component of the modulus of the analytic signal for diagnose of broken bar from the values of the phase current, :
Hilbert transformation provide an alternative MSCA approach, which enables detection of frequency component associated to the broken bar fault even at low slips [11, 21] .
Spectral analysis of the phase current based on Hilbert transform has some significant advantages over traditional methods that used for fault detection and it is mentioned by [21] :First, In the spectrum of the signal only one fault-related frequency feature is appeared, instead of two sidebands frequency features , which are directly positioned at the characteristic frequency of the failure. Second, prevent the effect of frequency leakage due to the fundamental frequency . Third, linear scale is used instead of a logarithmic because of removing the value of fundamental frequency and also the legibility of graph improves. Fourth, need to use low sampling rate because of detection in low frequency.
IV. CONCLUTION
Motor current signature analysis is a great technique for condition monitoring and fault diagnosis in squirrel-cage electrical machine. The measurement of stator current is sufficient to detect fault of the machine without disturbing the normal operation.This paper has presented a motor fault diagnosis method forsquirrel-cage electrical machine based on MCSA approach for brokenrotor bars detection using Park Transform and Hilbert transform. Table I shows the summary of published papers with the aim of using Park vector transform and Hilbert transform of the stator current for broken rotor bar detection.
As future work, it is necessary to perform studies on the effects of load variation on stationary operation of machine in order to evaluate the proposed methods. The effects of starting load onthe motor start-upoperation(transient) is another point for furtherstudy to improve the diagnosis of incipient faults using these methods. 
